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ABSTRACT

Fading in Ilford K.O and K.2 emulsions has been investigated at
+20°C and -20°C. Track segments with rates of energy loss from 0.6
to 1.8 Mev/micron were used. K.0 and K.2 emulsions stored for 30 days
at -20°C showed no evidence of fading. After a 30-day fading period,
K.2 emulsion stored at +20°C and at 50 percent relative humidity
showed less than 10 percent fading. K.0 emulsion stored at +20°C and
at 50 percent relative humidity showed severe fading. This is
illustrated by curves of grain density versus residual range for 2-,
6-, 13-, and 30-day fading periods.



SUMMARY

The Problem

To determine the rate of latent image fading in Ilford K.O and
K.2 thick photographic emulsion plates. Grain densities of charged
particle tracks developed immediately after exposure are compared
with grain densities of tracks which have faded over different
periods of time.

The Findings

Grain density of charged particle tracks in K.0 emulsion stored
at +20°C and at 50 percent relative humidity for one week after
exposure decreases to 50 percent. K.2 emulsion stored for 30 days at
+20°C and at 50 percent relative humidity shows less than 10 percent
fading. K.0, K.2 emulsion stored for 30 days at ~-20°C show no
measurable fading.
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INTRODUCTION

A charged particle track can yield information with regard to
energy, rate of energy loss, charge, and mass of the particle which
produced it. This information is contained in the various track
parameters such as: residual range, mean gap length, mean blob 1.0
length, track width, track taper, delta-ray density, and scattering.™
Tt is a well-known fact that emulsion grains which have been rendered
developable by the passage of a charged particle through them may, in
time, lose this property. This process is usually referred to as the
"fading of the latent image" and 1s a function of time, temperature,
relative huﬁidity, and the restricted energy loss of the charged
particle.31 As fading takes place, the amount of information
contained in a track decreases. This decrease in the avallable
information may seriously affect the results of the experiment. Thus,
the rate of latent image fading is an important property of an emulsion
and one that must be known prior to experiment.

Insensitive Ilford emulsions K.0, K minus 1, and K minus 2 were
used in this Laboratory for the purpose of measuring the rates of
energy loss of multiply charged particles. Experiments were conducted
using both artificially and naturally accelerated ions. The time
betveen exposure and processing 1s a variable that often cannot be
controlled. This is especially true in the case of balloon type
cosmic-ray exposures. The emulsion stack may descend into a rather
inaccessible area where it takes days for recovery; therefore, a
period of 2 weeks between exposure and processing is not uncommon.

Because of the absence of information on latent image fading in
the insensitive Ilford emulsions, an experiment was undertaken to
establish the magnitude of the rate of this process.



DESCRIPTION OF EXPERIMENT

A set of Ilford K.O emulsions, all from the same batch, and a
set of K.2 emulsions, also from a single batch, were used in this
experiment. The single-batch requirement was necessary because
emulsions differ slightly in sensitivity from batch to batch. Glass-
backed emulsions, 1 x 3 in., with a thickness of 100 microns, were
used. This thickness sufficed since the ions entered at a shallow
angle with respect to the surface of emulsion and had only a small
range (approximately 155 microns).

Previous to exposure the plates were stored at room temperature
and in their original wrapping in an emulsion storage cave at the
University of California.

Exposure

The exposure was made at the Heavy Ion Linear Accelerator (HILAC),
Lawregce Radiation Laboratory, Berkeley, using a monoenergetic beam
of 010 ions (10.% * 0.2 Mev/nucleon). The emulsions were placed in a
holder at the end of an evacuated beam tube. The plates were
positioned in such a way that the incoming ions entered the emulsion
with a dip angle of about 5 deg. The correct exposure was determined
by the use of Ilford C.2 plates, 25 microns in thickness, that were
included as a monlitor with the other emulsions. After each exposure
the C.2 plates were immediately developed and scanned to determine
the adequacy of the number of tracks and their distribution over the
area of the plate.

Storgge .

Less than 15 minutes after exposure, a K.2 and a K.O pliate were
processed. These plates served as controls. The remaining plates
were divided into two groups. Group 1 consisted of a set of K.2 and
K.O plates that were stored at +200C and constant humidity (50 percent),



vhile Group 2 was wrapped in heavy black paper and polyethylene and
was stored at ~-20°C in a deep freeze.

The plates were allowed to fade for periods of 2, 6, 13 and 30
days. At the end of each period, they were taken from storage,
unwrapped, and allowed to come to equilibrium with surroundings; then
they were processed.

Processing

The processing was kept as constant as possible from batch to
batch. The ingredients used were as follovws:

a. Bristol Developer:

Distilled water 1000 c.c.
Sodium sulfide (anhydrous) 7.2 gms
Sodium bisulfide 1.0 gm
Potassium bromide (10 percent solution) 8.7 c.c.
Amidol 3.25 gms
b. ©Short Stop:
Distilled water 1000 c¢.c.
Acetic acid (glacial) 2 c.c.
¢. Fixer:
Distilled water 1000 c.c.
Sodium thiosulfate 300 gms
Sodium bisulfide 22.5 gms

d. Drying Solution:

1. 50 percent ethyl alcohol, L5 percent distilled water,
5 percent glycerin

2. 75 percent ethyl alcohol, 20 percent distilled water,
5 percent glycerin

3. 95 percent ethyl alecohol, 5 percent glycerin

The processing times and temperatures are as follows:

a. Water presoak 5°C 50 min
b. Developer presoak 50¢ 50 min
c. Warm development 239¢ 60 min

(1 to 1 dilution with distilled water)
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d. Short stop 10°¢ 50 min

e. Fixer 10°¢c clearing time plus
o 50 percent
f. Washing 107¢C until passes
permanganate test
g. Drying 10°¢ three steps

30 min each

After the last step of alcohol treatment was completed, the plates
were spread out in air, bloited with filter paper, and allowed to dry
at room temperature.*

MEASUREMENTS

Method

The photomicrographic technique for measuring grain densities of
particle tracks in electron insensitive emulsions has been previously
described.’ The estimate of grain density gy is obtained from
photomicrographic measurement of the mean gap length according to the
formuwla

Nf) = N, e'l/i/

where
N(£) = the number of gaps greater than some /g
Nb = total number of gaps

™

= l/gl = the mean gap length

* Private communication to the author from C. Cole, University of
California Lawrence Radiation Laboratory (1961).



If the above distribution function is plotted on a semi-logarithmic
graph, then the slope of the line has a very simple significance--it

is equal to l/gl. The exponential nature of the gap length distri-
bution offers certain practical advantages to this technique: (1)

Only gaps over a certain length have to be measured and a least squares
solution to the experimental points can be extrapolated to obtain Ny.
(2) If all gaps are either increased or decreased a given amount, in
the case of different observers who read consistently logger or shorter

gaps, the slope of the distribution remains unchanged.l;

During the course of this investigation, the exponential nature
of the gap length distribution was verified for Ilford K.0, K minus 1,
and K minus 2 emulsions using Neeo, ol , and cl2 ions with rates of
energy loss varying from 0.35 to 2.35 Mev/micron (Fig. 1). 1In Fig. 2
is shown a typical set of measurements for K minus 1 emulsion for Ne20,
ol s c12 ions with B = 0.14, The measurements represent an average of
one hundred sections of tracks, each 10 microns in length.

Selection of Tracks

Tracks to be measured were checked for correct range and dip
angle in emulsion. Only tracks that showed little or no multiple
scattering were used. Measurements were restricted to tracks in the
center of emulsion. As pointed out by Leide, there are reasons to
expect greater fading at the surface of the emulsion than in the
interior.3> We have evidence suggesting that this is indeed the
case.¥ Because of the short range of the ions used, it was not
possible to eliminate this surface fading effect from our measurements.
However, measurements near the end of the residual range, where the
track is deepest in emulsion, are least affected by this phenomenon.

* To be published in 1963 by the author.



RESULTS

Typical tracks of O16 ions in K.O emulsion used in this experiment
are shown in Fig. 3. The lons traverse the emulsion from left to right.
The tracks from head to foot of the figure are:

(A) control

(8) 2 days' fading at +20°C
(C) 6 days' fading at +20°C
(D) 13 days' fading at +20°C
(E) 30 days' fading at +20°C

(F) 30 days' fading at -20°C

Figure 4 shows a corresponding series of faded tracks in K.2 emulsion.
As can be seen in a comparison of B to A in Fig. 3, fading of grains

in K.O emulsion can be visually detected after two days. From then

on increased fading is qulte apparent and is evidenced by the increase
in length and density of gaps in the track. In time an opaque track
develops a structure; e.g., the increase in grain density toward the
end of residual range in E may be observed in Fig. 3. The increase in
grein density corresponds to the increase in the rate of energy loss of
a particle as its velocity decreases.

Quantitative information on fading in K.O emulsion is given in
Fig. 5. The grain density per micron is plotted as a function of
residual range and period of feding. Data on the control tracks
correspond to a saturation value of 6-7 grains/micron which is in good
agreement with the Patrick-Barkas data for K.5 emulsion.’ The agreement
is significant because all Ilford K series emglsions have approximately
the same mean grain dlameter of 0.20 microns. No fading could be
detected in K.O plate that was kept for 30 days at -20°C.



Measurements on tracks in K.2 emulsion indicate that, for rates
of energy loss used in this experiment, latent image fading is a
comparatively slow process. The graln density of tracks that were
allowed to fade for 30 days at room temperature and 50 percent relative
humidity differs by less than 10 percent from the grain density of
control tracks and therefore is the same within the accuracy of experi-
ment. Tracks that were stored for 30 days at -20°C are indistinguish-
able from the control tracks.

DISCUSSION

Figure 5 shows that the degree of latent image fading determines
the appearance of a charged particle track in a K.O emulsion.
Depending on fonization and the extent of fading, grain density of a
track can vary between O and 6 grains/micron. A track of a stopping
oxygen ion in a K.0 emulsion that was faded for a period of 2 weeks
looks identical to an oxygen ion track in & less sensitive K minus 1
emulsion that was processed immediately upon exposure. In this manner,
latent image fading can be used to control the apparent sensitivity
of an emulsion.

All measurements discussed were performed twice or more by
different observers. The error bars in Figs. 2 and 5 correspond to
errors arising from the statistical fluctuations in the gap length
distribution. The errors introduced by the subjJectivity of the
readers were almost always greater than the statistical errors. It
wvas found that the reader errors were a function of gj and increased
as g) increased. For g) of the order of 1 grain/micron the measure-
ment is accurate to better than 10 percent; for g; 7 the errors can
be as large as 25 percent.
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Fig. 1 The rate of energy loss as a function of residual range.
Reproduced from Heckman (1959)9 with the permission of the author.



1000

a NEON
o OXYGEN

100 * CARBON

NUMBER OF GAPS /MM

TTTITI

1 (MICRONS)

Fig. 2 Variation of the number of gaps of length equal to or greater
than ( with gap length £, for particles with rates of energy loss 1.0,
0.65, and 0.40 Mev/micron.
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Fig. 3 Photomicrographs of 160-Mev oxygen ions in Ilford K.O nuclear-track emulsion.
traverse the emulsion from left to right.

- Tracks from head to foot of the figure are
(B) 2 days' fading at +20°C, (C) 6 days' fading at +20%, (D) 13 days'fading at +20°C
fading at +20°C, (F) 30 days' fading at -20°C.
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Fig. 4 Photomicrographs of stopping 160-Mev oxygen ion tracks in electron-sensit
The particles traverse the emulsion from left to right. Tracks from head to foot
(&) control, (B) 2 days' fading at +20°C, (C) 6 days' fading at +20°C, (D) 13 day
(E) 30 days' fading at +20°C, (F) 30 days' fading at -20°C.
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. b Pphotomicrographs of stopping 160-Mev oxygen ion tracks in electrcn-sensitive K.2 emulsion.

particles traverse the emulsion from left to right.

control, (B) 2 days' fading at +20°C,
3C days' fading at +20°C, (¥
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Tracks from head to foot of the figure are:
8

(C) 6 days' fading at +20°, (D) 13 days' fading at +20°C,
F) 30 days' fading at -20°C.
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Fig. 5 Th¢6observed grain density of "control" and faded tracks of
stopping 010 jons in Ilford K.C emulsion versus residual range.

15



REFERENCES

1. C. F. Powell, P. H. Fovler, and D. H. Perkins, The Study of
Elementary Particles by the Photographic Method. Pergamon Press,

1959, p. 101.

2. W. H. Barkas, “An Information Content of Particle Tracks." Phys.
Rev. 12k, 847 (1961).

3. Goran Leide, "An Investigation on Latent Image Fading in Ilford
G-5 Emulsions." Arkiv for Fysik 11, 329 (1957).

L. Géran Leide, "An Investigation on Latent Image Fading in Ilford
K-5 Emulsions." Arkiv for Fysik 22, 147 (1962).

5. E. V. Benton, "Photomicrographic Technique for Measuring Grain
Densities of Highly Ionized Particle Tracks in Nuclear BEmulsions."
USNRDL-TR-591 (1962).

6. K. I. Alekceva, T. L. Gebuniya, G. B. Zhdanov, E. A. Zamchalova,
M. N. Sherbakova, M. I. Tretyakova, "Study of Primary Cosmic
Radiation at an Altitude of 320 km." Artificial Satellites of the
Earth 12, 6 (1962) (in Russian).

7. J. W. Patrick and W. H. Barkas, "The Grain Density of Emulsion
Tracks.'" Nuovo Cimento Suppl. 23, 1 (1962).

8. Ilford Technical Information Sheet Yik.1.
9. H. H. Heckman, B. L. Perkins, W. G. Simon, F. M. Smith, W. H. Barkas,

"Range and Energy-loss Processes of Heavy Ions in Emulsion."
UCRL-8763.

16



Radiation Effects on Materials

DISTRIBUTION
Copies
NAVY

FRFEFRPHFRERFUOUFEFWEFREHEDOREFPW

R N el e e e

Chief, Bureau of Ships (Code 335)

Chief, Bureau of Ships (Code 320)

Chief, Bureau of Naval Weapons (RAMA-1l)

Chief, Bureau of Yards and Docks (Code 74)

Chief, Bureau of Yards and Docks (Code C-400)

Chief of Naval Operations (0Op-07T)

Chief of Naval Research (Code 104)

Commander, New York Naval Shipyard (Material Lab.)
Director, Naval Research Laboratory (Code 2021)
Office of Naval Research (Code 422)

CO, Office of Naval Research Branch Office,SF
Office of Naval Research, FPO, New York

CO0, U.S. Naval Civil Engineering Laboratery
Commander, Naval Air Material Center, Philadelphia
Naval Medical Research Institute

U.S. Naval Postgraduate School, Monterey

Commander, Naval Ordnance laboratory, Silver Spring
CO, Naval Nuclear Ordnance Evaluation Unit (Code 4011)
Office of Patent Counsel, San Diego

ARMY

Chief of Research and Development (Atomic Division)
Chief of Research and Development (lLife Sciences Division)
Deputy Chief of Staff for Military Operations (DGM)
Deputy Chief of Staff for Military Operations (CBR)
Chief of Engineers (ENGMC-EB)

Chief of Engineers (ENGMC-DE)

Chief of Engineers (ENGCW)

CG, Army Materiel Command (AMCRD-DE-NE)

CG, Ballistic Research Laboratories

CG, USA CBR Agency

CO, Fort McClellan Alabama

Commandant, Chemical Corps Schools (Library)-

CG, CBR Combat Developments Agency

CO, Chemical Research and Development Laboratories
Commander, Chemical Corps Nuclear Defense Laboratory

17



HEFRFFEHREPE WP R

HEDUDFFPW R R =N SN TR Sy

HFERPHHFH

CG, Engineer Res. and Dev. Laboratory

CG, Aberdeen Proving Ground

CO, Army Medical Research Laboratory
Director, Walter Reed Army Medical Center
CG, Combat Developments Commend (CDCMR-V)
CG, Quartermaster Res. and Eng. Command
Hq., Dugway Proving Ground

The Surgeon General (MEDNE)

CO, Army Signal Res. and Dev. Laboratory
Director, Office of Special Weapons Develcpment
CO, Army Research Office

CO, Watertown Arsenal

CG, Mobility Command

CG, Munitions Command

CO, Frankford Arsenal

CG, Army Missile Command

AIR FORCE

Assistant Chief of Staff, Intelligence (AFCIN-3B)

CG, Aeronsutical Systems Division (ASAPRD-NS)
Directorate of Civil Engineering (AFOCE-ES)

Director, USAF Project RAND

Commandant, School of Aerospace Medicine, Brooks AFB
Office of the Surgeon (SUP3.l), Strategic Air Commend
CG, Special Weapons Center, Kirtland AFB

Director, Air University Library, Mexwell AFB
Commender, Technical Training Wing, 3415th TTG
Commander, Electronic Systems Division (CRZT)

OTHER DOD ACTIVITIES

Chief, Defense Atomic Support Agency (Library)
Commander, FC/DASA, Sandia Base (FCDV)

Commender, FC/DASA, Sandia Base (FCTG5, Library)
Commander, FC/DASA, Sandia Base (FCWT)

Office of Civil Defense, Washington

Civil Defense Unit, Army Library

Armed Services Technical Information Agency

Director, Armed Forces Radiobiology Research Institute

AEC ACTIVITIES AND OTHERS

Research Analysis Corporation

Texas Instruments, Inc. (Mouser)

Aerojet General, Azusa

Aerojet General, San Ramon

Allis-Chalmers Manufacturing Co., Milwaukee
Allis-Chalmers Manufacturing Co., Schenectady
Allis-Chalmers Manufacturing Co., Washington

18



FEOFHREFRHERERERPHERERPRPORRRORERORPRPHEERFWHEORREREHERERER FRODRDFEFORE R B

Allison Division - GMC

Argonne National Laboratory

AEC Scientific Representative, France

AEC Scientific Representative, Japan
Atomic Energy Commission, Washington
Atomic Energy of Canada, Iimited

Atomics International

Babcock and Wilcox Company

Battelle Memorial Institute

Beers, Roland F., Inc.

Borden Chemical Company

Brookhaven National Laboratory

Bureau of Mines, Albany

Bureau of Mines, Washington

Carnegie Institute of Technology

Chance Vought Corporation

Chicago Patent Group

Combustion Engineering, Inc.

Combustion Ingineering, Inc. (NRD)
Defence Research Member

Denver Research Institute

duPont Company, Aiken

duPont Company, Wilmington

Edgerton, Germeshausen and Grier, Inc., Goleta
Edgerton, Germeshausen and Grier, Inc., lLas Vegas
Franklin Institute of Pennsylvania
Fundamental Methods Association

General Atomic Division

General Dynamics/Astronautics (NASA)
General Dynamics/Convair, San Diego (BuWeps)
General Dynamics, Fort Worth

General Electric Company, Cincinnati
General Electric Company, Pleasanton
General Electric Company, Hichland
General FElectric Company, San Jose
General Electric Company, St. Petersburg
General Nuclear Fngineering Corporation
General Scientific Corporation

General Telephone and Electronic Laboratories, Inc.
Gibbs and Cox, Inc.

Goodyear Atomic Corporation

Hughes Aircraft Company, Culver City

Iowa State University

Jet Propulsion laboratory

Knolls Atomic Power Laboratory
Lockheed-Georgia Company

Lockheed Missiles and Space Company (NASA)
Los Alamos Scientific Laboratory (Library)
Maritime Administration

Martin-Marietta Corporation

19



PR FEFRPHFEFORDFRE RO FHFHEEFRERFPRREFORFWRE SRR RERREDEDE

N
\nl—'

33

Monsanto Chemical Company

Mound Laboratory

NASA; Lewis Research Center

NASA, Scientific and Technical Information Facility
National Bureau of Standards (Library)
National Bureau of Standards (Taylor)

New York Operations Office

Nuclear Materials and Equipment Corporation
Nuclear Metals, Inc.

Office of Assistant General Counsel for Patents
Pennsylvania State University

Phillips Petroleum Company

Power Reactor Development Company

Pratt and Whitney Aircraft Division
Princeton University (White)

Public Health Service, Washington

Public Health Service, Las Vegas

Public Health Service, Montgomery

Purdue University

Radiation Applications, Inc.

Rensselaer Pclytechnic Institute

Sandia Corporation, Albuguerque

Sandia Corporation, Livermore

Space Technology Laboratories, Inc. (NASA)
Sylvania Electric Products, Inc.

Technical Research Group

Tennessee Valley Authority

Tracerladb, Inc., Richmond

Union Carbide Nuclear Company (ORGDP)
Union Carbide Nuclear Company (ORNL)
United Nuclear Corporation (NDA)

U. S. Geological Survey, Denver

U. 8. Geological Survey, Washington

University of California Lawrence Radiation Lab., Berkeley
University of California Lawrence Rediation Lab., Livermore

University of Puerto Rico

University of Rochester (Atomic Energy Project)
University of Rochester (Marshak)

Westinghouse Bettis Atomic Power Laboratory
Westinghouse Electric Corporation (Rehilly)
Westinghouse Electric Corporation (NASA)

Yankee Atomic Electric Company

Technical Information Extension, Oak Ridge

USNRDL

USNRDL, Technical Information Division

DISTRIBUTION DATE: 28 Februsry 1963

20



QAEISSVIONN

- sporzed Buipej Aep-gg pue ‘=gl *-g ‘-z ioj a8uel

[enprsal sns1oa £arsusp uresd jo soamo £q paiensnyir st styl -Surpej aIeAas pamoys
frpruny sanetal 1ussrad gg 18 pue o _0z+ I® palois UOTS;:wio 0°) °Burpej qussiad

()

0T uey: ss21 pamoys KTprwiny 2ANE[a1 3uad1ad g 18 PUE D 0Z+ 1B PaI0ls UOIS AW

QaIdISSYIONN

*sporzad Burpej Aep-gg pue ‘=gl ‘~9 ‘-z 10; 98ue1

1enpisal sns1sa Larsuap ureld jo seamo Aq pejensnyyl st siyy, °Suipej 219A9s pamoys
Apruny sanetss jusozed og e pue D, 03+ 18 pa103s UOISTAWD 0° *Zurpej usored
0T uey2 ssa pamoys L3Ipiwiny a2anejal 1uao1ad g 38 pue 0,02+ 1€ paiols UoIs AW

GIJISSYVIONN

10 11 L00Y¥=S *

‘eIl
*A °3 ‘uoiusg

*{oen 9[oNIeyg
* SuoTIS WIS
omydeidoloyg

I
i
1

‘g

(1240)

2°) ‘pouiad Burpey Aep=pg ®© 103y

*8urpe) jo 9nuUIpIAS OU pamoys D03~

1e sAep Qg 10j pPalols SUOISINWS )

pU® (°) ~PHSN 2I9M UOIDTWI/AIW 8°T

01 g°0 woyj sso] A219us JO sIIEI YIIM

QuawBas YorIL *D, 02~ PUE D 03+ ¥ pareBusaaur
us9q sey SUOISTNW® 2*X PUe g*> piojiI ur Surpey

QaHISSVIONN ‘ez “snn1 deg

mwmﬂ.gsc«.m $ uoluag *A "3 AQ SNOISTAAE 83X
ANV 073 Q304 NI ONIAVd 3DVINI LNALV1 NO
0T9-¥L-TAQUNSN

£io1e10qE 25U3jaQ [e213010TpRY [RARN

Q3ASISSYTIONN

10 11 Lo0¥-S *

‘eIl
‘A g ‘uolusg

*[oen 3pomrey
*suoIS[NWa
otydeiBoioyg

m

(3040)

3 ‘pouiad Buipe; Aep-gg € 1y

*8upej jo souspiaa ou pamoys D03~

e sfep og 10] paIols suOISINW? Z )

PUB O°) °PIsN 2I19M UOIDTW/ASWN §°T

01 9° 0 woy sso; £819u9 jo sviel PIM

auswdas yoe1y ¢ 0602~ PUE D02+ 18 vo%wﬁﬂé:
usaq sey suoIs[nwa g° Pue o° pIojiI ur Buypey

aarIsSvIONN g1 *snpit ‘degg

£96T. Arenuef 3 uowuag A 3 49 SNOISTANG 3"
ANV 0" QUO4TI NI ONIAVd 3OVINI LNILV1 NO
0T9-dL~TMINSN

%hOu«uOﬂﬂA 080‘«8 .—mommo—ogmm TBABN




